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(54) Printing head, printing apparatus and printing method 



(57) A print head (201) capable of printing with dif- 
ferent resolutions includes a plurality of printing ele- 
ments for applying printing agent on a printing material 
(107), wherein the print head is movable relative to the 



printing material in a moving direction; and drive timing 
changing means for changing drive timing of the printing 
elements in accordance with the print resolution to 
change print pilch in the moving direction. 
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Description 

FiFl n OF THF INVNETION AND RELATED ART 

[0 001] The present invention relates to a printing head, a printing apparatus which envoys a printing head, and a 

be mounted. , r „ rnrriinQ naoer bv electing ink from ink ejection 

[0003] The ink jet printing system pnnts an image on a sheet ^^°^" r * J, no ? se it produces is sub- 

Lome common that an ink jet printing head is provided ^^^^^^^S^o^ here are,hOSe 
which are arranged as illustrated in Figure 1 . As .or the ink e.ect ng ^f^ST. n Ll generating member 

which use thermal energy, and those which use mechanica energy. In the ^^'^ bubb 9 , es in ink , and tne 
(heater) such as an electrothermal transducer ,s driven to ^ ^™ ergy gen^rtlng.iemwt 

bubbles eject ink. In the case of the latter, a piez oe e ^f^"™*?* ^ e T£ driven is used to eject ink. 
(recording element), and the contraction ot the element ^^^ n ^^^£^ 8 the latter, sutler from 
00OS] Both the printing head at the same time, cross talk 

certain problems. That is, if a printing head ,s designed so that all the » b ^ ^ 

or the like occurs, which changes the amount of ink per e ec K>n reducing print ^J* ^ ^ 
elements at the same time, a power source with a capacity *<£™£* 1 °™ Q f buttons. 'or example, the large 
current is required. There are solutions to these problems Acco W° ™ ,^, h ™ n ejection energy generating 
number of ink ejection nozzles (which comprises an ink e|e ^on «^^»^™ predetermined number of ejection 

sequentially eject ink. nmviriPri with a larqe number of ink ejection 

[0006] More specifically, referring to Figure 1 . f\f'™£*£",l ojeraton ordinally correspondent 

ejection by the adjacent nozzles, that is, cross talk is «"ininw«d SBauenti al driving method while moving 

[0007] However, if printing is done by using the above desc Mcon«Ly scanning direction 
a printing head, the ejection orifices of which are l^theprlJy^lngdirecllon 

parallel to the secondary scanning direction. „ r „ =coH i„ ihp rvimarv scanning direction as well 

[0009] Obviously, image quality is further improved i resolution ,s increased ,n the ■ "9 

as the secondary scanning direction. However, when the frequency ^J^^ a % P r 2 Q 9 h tad^ the primary direction 



[0010] 
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Lnd lyot is capable ot satisfying users in terms of resolution, throughput, and the hke. 
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medium can be controlled. . h ririvina means which divides the plurality of printing nozzles 

[001 3] Further, the printing apparatus rs ^^^^^^Z^ nozzle s. and is capable of drrving the 
into a plurality of blocks which compnses 'J^™^™^^^ in each block a, the same time, and 
plurality of blocks in continuous a » to adjust the printing element driving timing by adjusting 

mentioned means for adjusting the ink amount. invBn ,ion may be provided with an additional 

[001 6] Further, the printing apparatus £ operations different in the driving.iming 

Par S^aT T w^r o^e^^eans tor changing the driving timing for 

^r^^^-^^ 1 ^^ - — °- ations may be such a si9nal 

receiving means that can double as a signal jon ori)ices through wh ich ink as the printing agent 

KUo;r a =r^^^ 

applied to the ink by the electrothermal transducer. invention is characterized in that it comprises a printing 

which change the driving liming lor the pnnt.ng e |emen,s . characterized in that it comprises a means 

[0024] The printing system in accordant , w,,h the , p sent >™«™J^™ ™Z image formation data, and a 
,or supplying an image forming appara.u 

^=i^^ ic — i,yo( 
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,or moving, reiat.etotheprintingmedium.thep^^^ 

ss ^^^^^r^- — % — wi,h ,he se,ec,ed 

Kwhich has a plurality o, printing no* ,e s for a, *™n£ e pnn< ^^Ll* relate ,o the printing medium, 
accordance with different degrees of resolutory and pnn Is ; an 9 h )n accordance wlth lne 

and also that i, can change the interval ,n terms £ £S in acc P ordar , 9 ce with the selected resolution. 

selec ,ed resolution, by changing the <h^^S forming (printing) patterns with a specific meaning. 
[0028] in this specification, 'printing" or record, ng means not , on : 1 u u> o( prjntjng medlum . Tne 

or example, letters or the He. but also "^^^"^^ a recording apparatus, but also fabric, plast,c 

ing solution, or the like, electable from *^ h "* en , invention will become more apparent upon 

Sde^^^ 

with the accompanying drawings. 

DESCSR'PTIQN OF T HF DRAWINGS 

s^r^- * — ^ - a prin,in9 head compa,,b,e wi,h ,he ap " 

KT "ST? S ^-cK diagram for the contro, system which controls the operations, inclusive o, the prinung 

S ~ POSm ° nin9 ' Prin, ' n9 ° Perali ° n ' °' " Primin9 
. feS "SS S S^h is placed in the printing head * - first embodiment o, the 

5ff ' RgCle 7 :S;2 "ha"- for a printing operation in which the circuit illustrated in Figure 6 is used. 

ST F^s^riving timing chart for a printing operation in which the circuit iilustrated in Figure is used, and 
35 ZSr^ZX. drawing which depicts the general structure, positioning, and printing operation, o, the pnntmg 

head in the second embodiment of the present invention. 

nfcgr.FHPTION Q C THP PRFFERRFP FMBOPIMENT 
1 40 [0039, Hereinafter, the present invention wi.l be described with reference to the drawings. 

Embodiment 1 
45 (1) Description of Printing Apparatus 

the present invention is applicable. H 0cir , na tP^ a head cartridge, which consists of an ink container 

[00 41] in the drawing, a referential character 202 ^"^^^Z^enl the printing apparatus is provided 
so which stores ink, and a printing head 201 , which inK magenta ink. cyan ink. and b.ack 

wUh a total of four head cartridges 202. one to .our; it may be any reasonable 

Lir::;^^^ «** and may be re,erred to as 
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■tone") necessary for optimum printing results can be ^ eC '^' , h may be integra i. and when the ink in the ink 
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p( in,ing head through a piece o. tube orthe 

features o. the priming head, when the inks ^ ^Ser and an'ink diluting means can be used, 

inks ditferent in color density can be used, or a eonitonrtwn of an ,nK 

in the case ol the tatter, the ink .^'^ner contains an jnk supply patn lro m the high cotor 

, he ink with higher color density to a desired ^*<™" y J^^^ density . Further, it is not mandatory that 
density ink container to ^^^J^^CSZ X*g -ans may be provided with a sing,e 

!nSr P o^^^^^ 

Sc^ 

pinching the printing paper 107 .n coordination «.th an a W a re(arentla| character 106 

across the portion which is facing the pnnung t »^£££^*** 201 , and shuttles in thedirection indicated 

which faces the printing medium, and a ^'^^^osH bubbles, and the like, from the printing head 
toration operation, that ,s. removes the ink h«'"B increa sea v y g ^ blade or 

while keeping the printing ^^^^^^^^i. so that it can be placed in contact with 
The^n^ 

SJSrr r^^^TS — into the moving path o, the printing 

head after the performance restoration operarjon. remained a , the position (home position) illustrated in the 

[0045] As a start signal ^pu«ed^ <^^^^L_ J d as t^rriage 1 06 moves, the printing 
drawing begins to move in the X d'rect.on_ o the p .many s a ^ ^ tj (n a stf(pe> 

elements, with which the printing head 201 s equipped a red nven pnn g p i M 

,he width of which equals the length of the line <°™^*«* e *^ T re °ms o the home position to repeat the 
,he end of the printing range in terms of the prtmary tG ^ m a ^^^^Z MQm ^ ot the carriage 106 in 
prihting movement in the X direction. Betweena g.en and he by an arrow mark l0 conve y 

a =e^r^^ T " ei6C,in9 aC,i0 " °' ^ Pfintin9 

head 201 is controlled by an unillustrated controlling means. 

(2) Description ol Printing Head 

[0046] r.gureSisaschematicperspectiveviewofthemainportiono.theprintingheadcompatib.ewith.heapparatus 

illustrated in Figure 2. oluralitv (128 in this embodiment) ot ejection oritices, which are 

[0047] The printing head 201 is provided with a , phi ality (1 « in m g |jquid 

aligned a, a predetermined ^-^^^^^^^Z^b^ 303a and 303b (electrothermal 
path 302. One of the side walls ot each liquid path 302 .« w ] " ' ° tj tne energy (Ior example, thermal 

transducers, which, hereinal.e, will ^^T^^ SJ^T-rSng them^d the like, which will 
energy) to be used lor •I eclK>n - ™' ' ™* , ormed on a piece of substrate formed of silicon, with the use of 
be described later with reference to Figure , € ^ are formed on a p ^ drcuji ^ drivjng 

semiconductor manufacturing technology. A piece o & '^ a ^°^ hesi dissipation plale 308. being supported 
the elements, and the <° ^ ic t ^e 308 a^ The contact electrodes on a print plate 309 are 

r e b L c d rm« 

- ^: :* nil , ■ ■ 
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ad vances through the liquid pa, due to -P"'^V. a-d ~ 

alter filling .he liquid path 302. VWht he prmfng heac ^ em B n "«*» , ^ 1 3S transducers 303 .o generate heat, 
transducer 303 through the electrodes (umllust rated causes ^the e|alin a bubble in the liquid path 

(3) Description of Control System 

tOOSO] Figure 4 is a diagram o, the control system tor ^^^^^^^^^^ 
^guria.asweHastheactualpri^ 

control portion and a head portion, respectively a ™ ,e "* nnDara t us and the printing apparatus; and a referential 
printing data are sent or received between an unillustra ted host a »^ ^ ™ ^8^,,,^, 402 designa ,es 
character 401 designates an MPU, or the mam control section ^ e ^ r » ,U ^^ u ^ rried out by the MPU. and 
an ROM which stores fixed data such as programs pertinent to the contra pro 

the like, and a referential character « 3 *»^. e " ^ r ^" h ^^? « a thiW The dynamic RAM may be 
tor printing operations, printing data to ^PP^ ed ° h J ^L d Tm e n USt of cartridge exchanges, and.he like, 
enabled to store the number of print dots, the number of pnnUng heads, the ™™ jnlj nead 20 1 with the printing 
[0051] A referential character 404 designates a gate array ™ . P ' " 400 the MPU 4 01, and 
Lie. and also controls the data. The gate array 404 also <--.e« data among the » ^ ^ 

the DRAM, and also controls the data. A referential dwa ^ *^£ a »Xe^l character 405 designates 

referentia, characteM 2 0 designates a f e^^^^ 
api and 720 dpi). The resolution selecting means may be .n the ^ °** ?»™ n ° P (i apparatus in response 
main assembly side, or may be in the form of a system ^ ^^^^'^L^ -age formation 
to the resolution signals sent in from the host appara us* de <*°«««™P** ™ ignals may be such signals that 

form 9 o, resoLon data inched in 

^solution of the printing apparatus, the printing ^'^^InToX ^^cEL. carried out by the MPU. 
the resolution signals, orthey may be created ^ p,«eTp*SnTrned.urn can be printed with a 

SSSsas«« 

(4) General Description of Printing Operation 

and 720 dpi, in terms of the primary scanning direction. qnecified In this case, 

C00563 Figure S, (a, depicts how «, ,dot arrangemerU looks w en e reso u,on o i||uslraled in 

a head driving method in which every sixteenth nozzle is driven at me sa "° r .. eiection groups , the 

Figure 1. (B),was used. When ink is ejected from all ^J^^^B^e^^P immediately 
sc distance L1 between the line formed by one e,ect,on group and the line formed by W 9 P ^ 
adjacent thereto, in the primary scanning direction. «'"">^»™^ , s 36 0 orifices per 

dp! in the primary scanning direction. Further. «£^^™££^£™t^». the angle 6 of the 

55 obtained by the following formula: 
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[Math. Formula 1] 

9 = acrtan (1/16) * 3-57 (degrees). 

[0 o 57] Figure a. W ***** ^ ^^™cT 

the distance L2 between the lines formed br me advent two e^e g P direclion since lhe dot 

ST^^S^n Jice «^r=^^rno Z2l e S in each o, ejection 
[0058] Thus, in ^mber o. nozzles in one group is reduced from 16 lor the 

Z&rXSi S?£tt£XZ^^ - number o, nozzles per ejection 
SS — , each e^on n zz, ^^^^ 

p^^ 

ess bissi is e rr e ofr ne r :: rf s a z c e e -** -me* h ». ^ as wel , as *. Pe , 

pendicular to the heater board, that is, h «"*"£^ D M * „ tne , and sma || heaters in the liquid path may be 
[0061] It is obvious that the positional relationship I between £^»W^n jnk dQ , s w|th a specific 

'adjusted so that as the heaters are driven, ink is e ^ ™™v dot diam eter by adjusting the positional 

diameter. The two heaters may be ot the same s,ze ,l * " ^»^ , ^^ n ( J fl t, af ^ or me same, in terms of physical 
relationship between the two heaters. In other, ^rds>e ^^'^XlZrs which can be driven, selecuvely or 
size. All that is necessary is that eac h i nozzle * ^^"J 1 ^ ^ ° d ink forms dots with a desired diameter, 
together, to adjust the amount by elected, so that the e ec.ed ,nk ^ fe ^ 

Scr^^ 

^^^^ 

E hea'eTmust be property set to enable the printing head J^^SSSS. p , |ntin9 head in which each 
[ 0063] Further, the o, which ar'e proper* se, so that 

ejection orifice is served by only a single hea ter, tne : snap , adjU sted by controlling the amount of 

the amount by which ink is ejected per e,ect,on or ^he 'n* d °t d '™'' can location , V and the bubble volume, 
electrical current supplied to the heater wh ' c * d °^ alignm en. pilch is 360 dpi. Therefore, 

[0064] in the Case of the printing head in this embodimen lh « ^™ \ he rMdiMon ol the image 

it an image is printed at the resolution ot 360 dp, m ( ^^ l 5! 0 P ^ 8 ^^X to print an image a. the resolution 
in terms of the secondary scanning ^^^^Zc^l all ma. is necessary is to print an image by 
of 720 dpi in terms ot both the primary ^^^"^l^^ in the primary direction while causing 

sssk m r^.ssr^ *~ - - - — - in ,he 

primary scanning direclion. 

(5) Structure and Operation of Heater Driver Circuit 

t- « -c a rirruit diaaram of the heater driver provided in the printing head in this embodiment. Figures 7 
[0065 Figure 6 is a circuit diagram oi me neai K ( 36Q d { and 720 dpit respectively. 

and B are timing ch art ■ select the blocKs to be driven, and referential 

[0066] Referential characters BENB0 P E N°^ oes.gna y wjm an even 

the small heater, respectively selected the block selection signal BENB2 is outputted 
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M , ,«™, ... sel, o, ... .... r « - ~j^^t E ;;i^^ , ^"S , s*s 

,„. <n« SEU nl SSL2 ... "^.JSJJ;,, „„in, »>h M -aM »* » ™ 

— s ■ — — — °' 7 * 

into 8 blocks, each of which consists o1 16 nozzles, whe ^ » ™ Furmer _ „ the reso lution ol 720 dp, 

and EVEN divide the nozzles into 16 ^^^^^J^** heater is no, driven, and onry the 
is selected the large heater driving pulse HENB(L) is masKe °- 

small heater is driven, making it possible loHucea sman e» fl b|ocks gre driven |s delermined 

[0069] Referring to Figure 7, it the > °< 3 |° ^eTs „ the resolution o, 720 dpi is selected, the signals 

U the block selection ^^^ N ^'^S^^ signals BEO - BE 3 generated by 2/4 bi, decoder 

RFNB2 is not used, and which of 4 biocKS are unveii ■=> D rMn rpwi 

olc' asVd on two bit signals „om the *^SS^^^!^ '»«* ^ ^ « »* 
[0070] in Figure .8. the time axis is extend e I re an 9 ^ jo drjve Qnce a|| the te ,. 

number o. the nozzles in each block ..half. *f* e '*°^l* ed r J, eiots , if the resolution of 720 dpi is selected, 
compared to the time it takes if the resolution o IS 60 dp ' « ^ o1 320 dpi „ selec ted. 

ink ejecled at virtually twice the ^ e ^jL^^el a shin register which takes in image formation data IDATA 
[0071] In Figure 6, a referential character ^ *"^^* nea to 9 nozzle position. The image formation data IDATA 
in response to a clock signal DCLK. and al.gr is them w h ^ ^ „ taten circui , which latches the aligned 

are serially transferred to the register S/R. A re< ° ren,,a c ^*^' °l= h corr) p rise s groups ol transistors which turn 
data. Thedrcui. in Figure 6 is provided with ^"^Z^iTlTonL heaters, groups of AND gates which 
on or off the electrical current from power sources VH provided 

selectively switch the transistors, and the >'k<\ dedicated for receiving a resolution setting signal 

[0072] The head driving circuit may be drlvlng circuit may be enabled to function as he 

360 dpi/720 dpi .). or instead, one of the other terminus £*ehea 9 as mere is no con „ic, between the 
terminal for receding the resolution signal in .add .ion to «s ta ^ „ rendered interchangeable with 

two tasks, provided that the : printing head ^^^^ „ P the printin9 hea d driving circuit is provided with a 

r d rb?:«s 

no conflicts between the two usages. , er minals ID0 and ID1 , and the terminal ID0 is used as the 

[0073] The driving circuit in Figure 6 Provide « '^^'T terminal ID0 is kept in the pulledOown condition 
esolu.ion signal input terminal. As evKtont from dra^a the » mi ^ assembly side reads thls 

in the printing head. Therefore, the printer con tro ^^J^^^^r^^ can be set from the printing 

is effectively usable with a printing head which can carry our two tunc P ^ ^ )unciion as an 

head portion, the ejection orifices of which are •<^£££™% Mion can be controlled), 
additional function, carried out by as readme ^J^^J^3" ccordhig to the present invention, two or more 
[0075] As is evident from the above description of this ^odime^ ac g can fae 

degrees of printing resolution can be -^ed«* 3^ In other words, all that is necessary is to 
SThlgVSrS ^^rhiKr Su-, or P ,o select . relatively ,ow degree o, resolut.n when 

by only one half. e „i 0 ri^H the election nozzles are serially driven, the cross 

K^-sr=SK:^»i~- — «— ~~ 

electrical power source for driving the P^ 1 "^^ which does nol crea ie any problem, is used also as the 

[0078] Further, one of the terminals, the secondary usage 
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solution selection terminal (in this embodiment, the ID terminal is used also as the resoiution section terminal). 
inSSl to prevent the increase in the number o, the terminal ot the printing head. 

(Embodiment 2) 

[0079] The present invention is applicab.e to no, only a printing head such as the one illustrated in Figure 5. but also 

Srr P S head in Figure . is ^ £ ^.^^-^^^2 

which comprises four nozzles driven at the same time. Figure 9 a) oepwe i u represe nted with V 

which consists of 4 nozzles, ana me Doiiom g i H d one in the bottom group, thus 

and driving the blocks in ordtnaliy correspondent pair, that is, one in me iop g h 
driving 8 nozzles at the same time. 

(Miscellaneous Embodiments) 

Sli m. n « L„*.™.H— ., ~ »■ » «W- in «»tan » ~ • 

^pT^^Sm^ invention assures tha, recording can eflectivety be made regard.ess o, printmg 
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may comprise a pluramy o. shorter recording heads, the combined length o. which matches the width o, me aforemen- 
«oned .arges. image, or may be simply ^f^^t^ main assembly of a recording apparatus. 
LTpVaofe^^ 

a^ Ion theseTecording hlads are o, the type ^^^^^^^ ol the structura. 
[0088] The present invention is a printmg apparatus provided wl,h va,,ou ^°""' °' ™ he recordi head (incUj si V e 

components other than the ^^^^ ^^^^^^ «"* pid 
ol auxiliary means, and the like). More specifically, the present nyem p cleaning blade, a means lor 

with a means for capping a recording head, a recording head de W an. ud a s a cleaning 
removing ink through an ejection orifice by Pressurizing an ^™ * Q( 9 the afofemen(ioned 

preliminarily heating the portions of a record ,ng head ^^B^^^^^'pe^nhg to ink ejection, or 

[o C o° S r 9 ] n The present invention is very eHectively app.icable «- ^.^--^^^^^^ 

solid state below the normal room temperature, and softens a "* e ™ r ™™™ ^ ran o, to 7CC, that 
system, it is a common practice to control '™ of e u ^ intha 9 , .iquifies as a recording . . 

the temperature increase caused by the thermal energy applied to ejec i-£ « at us whfch uses ink, the 
the aforementioned ink ejection system based on the so-called ,l ^ n ^^™ u ^* ."various forms of ink jet 

purposes ol the improvements or the scope ol ihe following claims. 
Claims 

1 . A print head capable of priming with different resolutions, comprising: 

a plurality of printing elements for applying printing agent on a printing material, wherein said print head is 
movable relative to said printing material in a moving direction; and a „ rnrHfl nr e with the print 

drive timing changing means for changing drive timing of said pnnttng elements in accordance w.th the print 
resolution to change print pitch in said moving direction. 
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ot the blocks. 

generating means. 
S. AP-eadaccordingto^^ 

7 A print head according to Cain, 5, wherein said other tunctional operations inciude an image readin 9 operate. 
. A print head according to Claim 5, wherein said selection means also functions to output a signal. 



the ink. 



10 AprintheadaccordingtoClaimS, wherein said energy generating e.men, includes an .— transducer. 
1 1 A print head according to Claim 10, wherein said electrothermal transducer causes a tilm boiling in the ,n k . 

arranged. 

13 AnapparatusaccordingioC^ 

' tor setting the resolution when the image data is printed. 
15 A print method comprising: 

' rnginTdt: ,S P^^^ ^ ' ^ 

45 moving step. 

16. A printing apparatus comprising 

. piuraiity ot printing e.ements tor applying printing^ agent on a printing ^ 

^^^^^^^ ^ — " ^ a — ^ 
resolution to change print pitch in said moving d.rect.on. 

n.Aprintingapparatusaccording^^^^ 



blocks. 
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ot energy generating means. 

^ ifi nr 17 ooerable to effect a plurality ot printing operations with different 
lernal selection signal, lor effecting a selected one ol operates. 

- =2. . ,Win, ««■« «"~» »» *""» " "• ^ "°' h " m, ' 

transducer. 

23. A printing method comprising: 

pitch in said moving direction. 

24 . A P nn ti n gme , h o d accord 
inching a piurality o, — ^S^e» changes the number 
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means chan9es me numbef 

of the blocks. 

2S . A printing method according to Claim 2 3 or «. wherein 

26 A printer capable o, printing a, ditteren, resolutions and having means .or controlling the timing c, the driv.ng o, 
' print elements in accordance with the print resolution. 
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